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CENTRAL FAX CENTER 

dmegtg ^ *n e Claims: This listing of claims will replace all prior versions. an<fep 2 7 2006 

listings, of claims in the application 

listing of Oalms: 
What is Claimed: 

1. (Currently Amended) A laser mlcromachining system for drilling holes in a work piece 
comprising: 

a laser beam generator for directing a laser beam having a wavelength A, along an optical 
path, 

an image interpolating mask havino an array of apertures, disposed in the optical path, for 
receiving the laser beam and farming a corresponding array of sub-beams of a first pitch 
«i~ array erf s^h-h^m* belno ft cuh.pattam of » nsduced-Sl7* wrtrnr fanned on tfaS 
work piece. 

u - Udnatati e n st ag e ccmngu i cd to m ov a the array of sub b eams in a pi mj uidieulnr d i mrtl o n 
to trio optleafrpoth, and 

a demagnifier, disposed in the optical path, for forming a^hejeduced-size pattern of the 
array of sub-beams on the work piece, the reduced-size pattern having a second pitch size, 
ami 

a aangafigp ^ ..^ fa the >m*n» internolatinn mask for moving the ima«w 
fnfr rpni^nn mask a m *™ <* cub-h^ms In a perpppHin.lff r direction to the 9P»cal 
ja g, gugh th^r ffle ar ~ y of ch-he*^ :* ™™»H m a ^iftnee to form the ppduced-siffi 
Batten nr, rhP work piece. 

wherein the second pitch size is less than A and the first pitch size is greater than A. end 

when the laser beam is generated and the translation stage moves the array of sub- 
beams, the image interpolating mask is effective in forming an array of holes having the 
second pitch size. 
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2-4. (Canceled) 

5. (Currently Amended) Teaser mlcroma chining system o f L laim 1 y /hen:in foi^ntllm 
holes In a wnrfe; piece comprising! 



* i^ c ^r h^m Q pn gra tor for din in g * b ** m havlnQ ■ BayslssgSi A. flfrno *n PFfra l 



path, 

go mteiaaiafiDg matt aadog an man Btastfuifii Seeme d in tii« attlal eath. ftr 
,^i»ino the l a saL^saffl fo "" in " a con-esnonding amaLalfchsnffliatagia Pl tc n 
size. 

» t^Utlnn f ^ft mnftoured fr» mn^ thft array of sub-beams in 3 [»>rpepqlcu|ar ejirgCtjQ Q 

lathe optical path t .qnfl 

a rtortwintffer- disnosed I n ^ft T P t l ral P ath farming the reducen-sfrp Pi^m 'he 
*™ nf ^h-b^m* nn th* wor k B l Pffi . the red..rpf|-?l 7P P^m rT™'"Q 9 5eC°" d pityh . gffft 

whoreir. the second Pitch * less than X and the.fiP* Pitch sfce nrT i Kftr than A. 

the array of apertures of the Image Interpolating mask has an aperture density of 1/N 
times an image density of the reduced-size pattern on the work piece and times a 
demagniffcation factor of the demagnlfler, N being a positive Integer* 

»,h.»n rh e las*- hs«m t s gen era t ed and the tran g'gtioo stage nws the ap?y glah s 
thF- igteiEQlaaoa m^k a effective in frrnnpg an array si teles having the 

second pitch-SteS, and 

the array of sub-beams Is configured to translate N-times In e-SuS_perpendlcuiar direction 
to the optical path by the translation stage to form the array of holes of the second pitch 



6. (Original) The laser mlcromachlnlng system of claim 1 wherein 
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the laser beam generator Includes a pulsed laser providing a pulsed^pn period of less than 
200 femtoseconds, and 

a harmonic generating crystal, coupled to the pulsed lasar, for providing a harmonic 
frequency of the pulsed laser to produce the laser beam having the wavelength of X. 

7. (Original) The laser mlcromachining system of daim 1 wherein 

the demagnlfler includes a first lens having a first focal length and a microscope objective 
having a second focal length, and 

a demagnification factor resulting from the first focal length divided by the second focal 
length. 

8. (Currently Amended) The-AJaaer mlcromachining system fi a; drilling ho 'es In a wo'* 
pirep mmnrtelnnrof cla i m 1 WhOTChl 

a laser beam g^^mr for d l rprtlna a laser hrem having fl wavelength . A, along an optica l 



an image intproolatana made having an a rrav of apertures, disposed in ttlS optieal Pattl . for 
reiving the l«^r beam an d farming a corresponding arr^V of sub-paa"« of a flrft; pj^h 
ggg^each of the sub-beams 4«etodei Hndudln<L a Gaussian Intensity distribution* 

a taoaiaaai d aae g^"""** » rt mavB thp nrrnv aihdaaias in g perpendicular direcqo n 

to the optical oath, and 

a dwnaonifier. Hr^pn^t in th ? nprtml nafh. for forming tha redUWd-flze pat tenLSLSuS 
grpv of sub-be ^ on the woric Piece, the redurert-^ p*»em hrtirinn ft P'^" P l2e ' 

flfagalfl the second Pitch *t™ fran \ and the first Pitch 5l?fl iff greater tha , " * t 7 iaftg 

a hole of the array of holes has a diameter of approximately less than or equal to the full 
width at half maximum (FWHM) of the Gaussian Intensity distributfonijuid 
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V tf^n rhe laser ,h*mn Is oenerat ~ « ™* £ug testation stacie mow? thp array of sgfe 

r w ,, *"Hg r^ noa i niaafllaSDfl mask * etaaaa m forming gn arra v ^ m 

W" d piteh-slze. 

9. (Original) The laser micromachining system of claim 1 wherein 

a scanning mirror Is provided in the optical path behind the laser beam generator for 
uniformly distributing the laser beam onto tne image interpolating mask. 

10. (Original) The laser micromachining system of claim 1 wherein 

the second pitch size is less than a diffraction limit of the laser beam, and 

the first pitch size Is greater than the diffraction limit of the laser beam multiplied by a 
demagnlficatton factor of the demagnifier. 

11. (Currently Amended) A laser micromachining system for drilling holes In a work piece 
comprising: 

a laser beam generator fbr directing a laser beam along an optical path, the laser beam 
having a wavelength of A, 

a diffraction optical element (DOE) and a tdecentric f-B lens disposed in the optical path 
fbr receiving the laser beam and forming an array of sub-beams, the array of sub-beams 
having a first pitch size, ■ 

a translation stage configured to move the array of sub-beams in a perpendicular direction 
to the optical path, and 

a demagnifier for forming a reduced-size pattern of the sub-beams onto tne work piece, 
the reduced-Size pattern having a second pitch size, 

wherein the second pitch size is less than A and the first pitch size is greater than A. 
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rh - nf .ub-b ea ms ha * a dfm stty. Pi i flj times , gp imnn* g a osSa of Ba / . s dug^a 

when the laser team is generated and the translation stag* moves the array of sub- 
teams, the DOE and the telecentric f-e lens are effective In forming an array of holes 
having the second pitch st2e J _§nsi 

the ama si subzbgama f * sspfi gu i aa to transit a=flffi§s in g perpendicular flir^iocaa 

12. (Original) The laser micromachinlng system of claim 11 wherein 

the array of sub-beams formed by the DOE and the telecentric f-e lens are a sub-pattern of 
the reduced-size pattern formed on the work piece, and 

the translation stage Is configured to move the array of sub-beams In a sequence to form 
the reduced-size pattern on the work piece. 

13. (Original) "me laser micromachinlng system of claim 12 wherein 

the translation stage is coupled to the telecentric f-9 lens for moving the telecentric f-G 
lens and the array of sub-bearos- 

14. (Original) The laser micromachining system of claim 12 wherein 

the translation stage is coupled to a worK piece holder holding the work piece for moving 
the work piece with respect to the array of sub-beams. 

15. (Canceled) 

IS, (Original) The laser micromachining system of claim 11 wherein 
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the laser beam generator includes a pulsed laser providing a pulsed-on period of less thar, 200 
femtoseconds, and 

a harmonic gyrating crystal, coupled to the pulsed laser, for providing a harmonic frequency 
of the pulsed laser to produce the laser beam having me wavelength of A. 

17. (Currently Amended) **e-Ajaser mlcromacbining system frr^lHnq hote - , 10 a wor* piece 
comprtslnmg f - c l alm 11 where i n 



fl frr beam o^ff™'™ fordIr»cnno a laser fr fflm ^Inna an optical path-thr IgfifT beam having 
awawlantith of A. 

ajliffiacjtoB apt fr -i aiamAnt rooFl »nd a telecantrlr f-fl tepj riigRrt i fy ?n rh* optical path for 
rp^iwinr, the las e r team a nd femiM an array of sub-beams, fflfi aiw of MM»f«W ImdPft* 
first otteh size, e ach of the sub-beams tadye^lDcUidjnsJJ Gaussian intensity distribution^ 

e_fndrttan sta g ? ffM.Hff.-M tn Hi a array of ^b-beams fa.n ryrnpniffpilar diction to 

the optical path r and 

a a#>waanlfte r ^f*""Tiin n a ^H.^-gire pattern of the slip-beams ontfl th* "rUfr Pl*^ thft 
rfTllTfrffll-gl j r*' PattBID having a second pitch size* 

vrtw rt" ffia « * ™ ri " iteh fiTze i§ less K 3nd ^ firs * pitct> lf? qr ^ ter * han x ' 7 *" < * 

a hole of the army of holes has a diameter of approximately less than or equal to the full width 
at half maximum (FWHM) of the Gaussian intensity dlstrtbutlorvand 

■Mhor. His laser tram Is oener^H »nrl the translation Stage mfww the qrray . qf -nib-beams , fts 
r^tr and the b*»™**r f-fl ^ off^i™ t" forming an array of hole* »w"'r.q the sy?>nd 
pitch size. 

18. (Original) The laser mloomachining system or claim 11 wherein 
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a scanning mirror is provided in the optical path behind the laser beam generator for uniformly 
distributing the laser beam onto the DOE. 

19. (Original) The laser micromaehlning system of claim 11 wherein 

the second pitch size is less than a diffraction limit of the laser beam, and 

the first pitch size is greater than the diffraction limit of the laser beam multiplied by a 
demagnification factor of the demagnlfler. 

20. (Currently Amended) A laser mfcroma chining system for drilling holes in a work piece 
comprising: 

a laser beam generator for directing a laser beam having b wavelength A, along an optical path, 

an image interpolating mask having an array of apertures, disposed in the optical path, for 
receiving the laser beam and forming a corresponding array of sub-beams of a first pitch size, 

a translation stage configured to move the array of sub-beams In a perpendicular direction to 
the optical path, and 

a demagnlfler, disposed in the optical path, for forming a reduced-size pattern of the array of 
sub-beams on the worfc piece, the reduced-size pattern having a second pitch size, 

wherein the second pitch size Is apprmrimatTPlv onnal to a Ravleloh distance Qf v 51**/qft * 
ffnnp Y p a a numeri c St* "™ the ODtlcaLnattLtol, thaa -i di c ti o n limit Of 

the first pitch size is greater than thB diffraction llmrt of the laser beam, and 

when the laser beam Is generated and the translation stage moves the array of suD-beams, the 
Image interpolating mask is effective In forming an array of holes having the second pitch size. 
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21- (Canceled) 

22. (currently Amended) The laser micromachining system of claim 2*-2J2_where»n 
the second pitch size is approximately equal to 1.5* Rayleigh distance. 

23. (Current* Amended) A laser micromachining system for drilling holes in a work piece 
comprising: 

a laser beam generator for directing a laser beam along an optical path, the laser beam having 
a wavelength of A, 

a diffraction optical element (DOE) and a telecentric f-0 lens disposed In the optical path for 
receiving the laser beam and forming an array of sub-beams, the array of sub-beams having a 
rtrst pitch size, 

a translation stage configured to move the array of sub-beams in a perpendicular direction to 
the optical path, and 

a demagnifter for forming a reduced-size pattern of the sub-beams onto the work piece, the 
reduced-size pattern having a second pitch size, 

wherein the second pitch size is a p proximate l y n ,,al m a Ravleloh dletnnn* Of P.61*A/NiA-i 
M.A. Is a nu m »rt">' anarture »f » Ions In the optical oath.lCJa thpn a diffraction lim i t Of 

the first pitch sbe is greater than the diffraction limit of the laser beam, and 

when the laser beam Is generated and the translation stage moves the array Of sub-beams, the 
DOE and the telecentric f-8 lens are effective in forming an array of holes having the second 
pitch size. 

24- (Canceled) 
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25. (Original) The laser micromachlning system of claim 3«-23_wherein 
the second pitch size is approximately equal to 1.5* Rayleigh distance. 

26. (Currently Amended) A method of drilling holes In a work piece comprising the steps of: 

(a) receiving a laser beam directed along an optical path; 

(b) directing the laser beam through a DQEbeam-fewwF, disposed In the optical path, to 
form an array of aggjed sub-beams having a" ?"o'<»rt \rm partem; 

(r ) n^inn the 3™[pH tram na r tom thm„nh a tPlecpntric f-fl MPS to form an array Pf S^b- 
^ in * pgr? 1 "" T" nprn °f a first pitch atze; 

(atf demagrtfylng the array of sub-beams to form a reduced-size pattern of a second pitch 
size on the work piece; 

Ms) translating the array of sub-beams In a perpendicular direction to the optical path; and 

(eD after translating the array of sub-beams In the perpendicular direction to the optical 
path, forming the reduced-size pattern of the second pitch size on the work piece. 

27. (Currently Amended) The method of daim 26 wherein 

step (a) Includes receiving the laser beam having a wavelength of hi 

| step (be) includes forming the array of sub-beams with a pitch size greater than the wavelength 
of A; and 

| step (efl includes forming the reduced-size pattern on the work piece with a pitch sUe smaller 
than the wavelength of A. 
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2S fCurrently Amended) The method of claim 26 wherein the first pitch size is larger than the 
second pitch size by a factor of P times a demarcation factor provided by the dignifying 
step, P being a positive integer; and 

step We) Includes translating the array of sub-beams in the perpendicular direction P times; 
and 

| {eQ includes after translating the array of sub-beams 9 times, forming the reduced-size 
pattern of the second pitch sfze on the work piece. 

29. (Original) The method of dalm 26-32jwherein 

step (b) includes directing the laser beam througn an Image Interpolating mask having an array 
of apertures, and 

terming the array of sunbeams after passing the laser beam through the array of apertures. 
30-31. (Canceled) 

32. (Currently Amended) ?*e»&jnethod nt drilling holes m a »mrK pt«cp ympH*ing the steps 

tit 

{*) re a ahoofl a lager beam djgse ssa alQM an optical patbi 



^ jr^lnft the la^r h^m through a bea m former ri ^pt^ jP ttfi ontfrrll Wth . W form an 



array flf ^lb-beams of a first Pitch ; 



the array of sub-beams fras-havlna a 



density of l/N times an image density of she^reduced^size pattern a be farmed o n the work 
piece and times a demagnification facto r of the domognHVIny^, H being a positive integer; 

B) flpma qnuyino the array fif m h-h«miB bv the dem*qnifi™t[on faff?r tQ form fte P^l""*- . 
Sl^, pattern a fa Kecond.Dltch size OP the work ; plsffi : 



a*d 
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fi |^(d>*eteee8-^™ns| a ting the army of sub-beams N times in the perpendicular direction 
to the optical path? and 

^ eHfiefc _ afte r translating the array of sub-beams N times, forming the reduced-size 
pattern on the work piece, 

33. (Currently Amended) "me method of claim 36-32_wherein 

step Cd) includes coupling a translation stage to the beam fbmner for translabng the array of 
sub-beams in the perpendicular direction to the optical path. 

34. (Currently Amended) The method of claim 26 wherein 

I step (dj|) includes coupling a translation stage to a work piece holder for translating the airay of 
sub-beams In the perpendicular direction with respect to the optical path. 
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